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FOREWORD 
Many of t o d a y ' s  most s i g n i f i c a n t  socioeconomic problems, 
such a s  slower economic growth,  t h e  d e c l i n e  of some e s t a b l i s h e d  
i n d u s t r i e s ,  and s h i f t s  i n  p a t t e r n s  of f o r e i g n  t r a d e ,  a r e  i n t e r -  
o r  t r a n s n a t i o n a l  i n  n a t u r e .  I n t e r c o u n t r y  comparative ana lyses  
of r e c e n t  h i s t o r i c a l  developments a r e  necessary  when w e  a t tempt  
t o  i d e n t i f y  t h e  under ly ing  processes  of economic s t r u c t u r a l  
change and formula te  u s e f u l  hypotheses concerning f u t u r e  de- 
velopments. The unders tanding of t h e s e  p roces ses  and f u t u r e  
p rospec t s  p rov ides  t h e  focus  f o r  TIASA,s p r o j e c t  on Comparative 
Analysis  of  Economic S t r u c t u r e  and Growth. 
Our r e s e a r c h  c o n c e n t r a t e s  p r i m a r i l y  on t h e  e m p i r i c a l  
a n a l y s i s  of i n t e r r e g i o n a l  and in t e r t empora l  economic s t r u c t u r a l  
change, on t h e  sou rces  of  and c o n s t r a i n t s  on economic growth, 
on problems of a d a p t a t i o n  t o  sudden changes,  and e s p e c i a l l y  on 
problems a r i s i n g  from changing p a t t e r n s  of T n t e r n a t i o n a l  t r a d e ,  
r e sou rce  a v a i l a b i l i t y ,  and technology.  I n  t h i s  paper  one of 
t h e  long-standing Tndus t r i e s  and t h e  impact of i t s  t echnologi -  
c a l  changes on energy consumption a r e  considered.  Econometric 
a n a l y s i s  of c ross -count ry  and time-series d a t a  h e l p s  t o  r e v e a l  
t h e  impact which is widely d i scussed  i n  d e t a i l e d  engineer ing  
r e p o r t s .  
Ana to l i  Smyshlyaev 
P r o j e c t  Leader 
Comparative Analys i s  of 
Economic S t r u c t u r e  and Growth 
BREAKING THE ENERGY COEFFTCIENT: CROSS-COUNTRY 
ANALYSIS FOR THE PULP AND PAPER TNDUSTRY 
B. Arnable 
A. Smyshlyaev 
INTRODUCTION 
The pulp and paper industry is an 'energy-intensive' and 
a mature sector of the economy. However, an analysis of the 
industry's energy consumption is made difficult by the fact 
that it is also a producer of energy, and that it has great 
opportunities of using non-purchased energy; this fact is badly 
accounted for in energy statistics. Whlle It is possible to 
make cross-country comparisons on such sectors as iron and 
steel, this is almost impossible for pulp and paper, because 
there is no common 'internatTonalt framework to collect energy 
consumption data, despite the efforts of TEA (C111) .  The study 
of the industry's energy consumption is thus based on two types 
of figures: 
-- Purchased energy. The availab2lity of this type of 
data is comparable to that of other sectors, and, with 
some reservations concernbg the reliability of some 
figures, cross-country comparisons can be made. 
-- Non-purchased energy. There are, as yet, no systematic 
surveys on non-purchased energy consumpt2on, except that 
OECD is collecting data for a few countries (not all 
countries present these data], and cross-country com- 
parisons of these data are lim2ted because of different 
accounting methods. The available data are not broken 
down by energy sources and there are no details concer- 
ning the conversion coefficients. 
A comprehensive study of energy coefficients has not yet 
been made, and this fact is acknowledged by every study 
1 > a v a i l a b l e  t o  t h e  au tho r s  on t h e  s e c t o r ' s  energy consumption . 
However, t h i s  does no t  mean t h a t  nothing can be s a i d  on t h e  
s u b j e c t  of energy c o e f f i c i e n t s ;  t h e  c h a r a c t e r i s t i c s  of t h e  
s e c t o r ' s  development make c l e a r  s e v e r a l  a s p e c t s ,  a s  s t a t e d  by 
many au tho r s  ( e .g .  [ I ] ,  [ 4 ] ,  [ 5 ] ,  e t c . ) :  
-- t h e  s t r u c t u r e  of t h e  i n d u s t r y  i s  a  ve ry  important  
f a c t o r  of t h e  energy consumption; 
-- t h e  p o s s i b i l i t i e s  of lowering t h e  purchased energy 
consumption a r e ,  t h e o r e t i c a l l y  a t  l e a s t ,  ve ry  high.  
I. THE STRUCTURE OF THE SECTOR 
The importance of t h e  pulp and paper i n d u s t r y  i n  t o t a l  
i n d u s t r i a l  consumption is T l l u s t r a t e d  By t h e  f i g u r e s  g iven  i n  
i n t e r n a t i o n a l  yearbooks, such a s  i n  [ I l l :  
Table 1 .  Share  of  t h e  pulp and paper s e c t o r  i n  t o t a l  i n d u s t r i a l  
energy consumption (XI, 1980. * )  
USA FFW FRG I T A  UK NOR SWE 
I n  a l l  i n d u s t r i a l i z e d  c o u n t r i e s  pulp and paper i s  among 
t h e  f i v e  f i r s t  energy consuming s e c t o r s ,  and it i s  t h e  f i r s t  
one i n  Sweden due t o  obvious reasons .  
The economic weight of t h e  s e c t o r  i s  low (around 2% of t h e  
manufacturing s e c t o r ' s  va lue  added 2n Prance,  t h e  FRG, and 
I t a l y ,  4 %  i n  t h e  USA and t h e  United Kingdom, and 5% i n  Norway!, 
except  f o r  Sweden (around 14% of t h e  manufacturing s e c t o r ' s  
va lue  added) . 3 ,  
The product ion of pulp of each count ry  i s  given i n  Table 
2 ,  which shows r a t h e r  d i f f e r e n t  changes over  t ime;  i n  g e n e r a l  
t h e  l e v e l  of product ion corresponds t o  t h e  r e l a t i v e  s i z e  of 
t h e  c o u n t r i e s  ( cons ide r ing  t h e  a b w e  remarks) .  
l ) S t u d i e s  on the energy consumption of t h e  pulp and paper s e c t o r  
e i t h e r  d e a l  w i th  t e c h n i c a l  e s t ima t ions  ( [ 2 ] ,  [ 1 2 ] ) ,  o r  w i th  
aggregated f i g u r e s  on energy consumption ( [131) .  
2 )P roduc t ion  f i g u r e s  on pulp and paper a r e  mostly taken  from 
[3]  and [ 6 ] .  
3 ' ~ o r w a y  and Sweden expor t  30 t o  401 of t h e i r  pulp product ion ;  
i n  a l l  o t h e r  c o u n t r i e s  t h i s  percentage i s  lower than  1 0 % .  
Table 2 .  Wood pulp  product ion ( i n  1000 t o n s ) .  
Year USA FRA FRG =A UK NOR SWE 
The produc t ion  of pulp  depends i n  g e n e r a l  on t h e  s i z e  of 
t h e  n a t i o n a l  f o r e s t s  and t h e i r  l e v e l  of e x p l o i t a t i o n .  Th i s  
does n o t  e x p l a i n  t h e  b ig  d i f f e r e n c e s  i n  p roduc t ion  between 
t h e  United Kingdom and France,  b u t  i t  does  f o r  Sweden. The 
product ion of paper and paperboard i s ,  on t h e  o t h e r  hand, more 
r e l a t e d  t o  t h e  s i z e  of t h e  count ry  (Table 3 ) . 4 )  
Table Paper and paperboard product ion ( i n  t o n s ) .  
Year USA FRA FRG IT A UK NOR SWE 
The comparison of t h e  above d a t a  i n d i c a t e s  t h a t  t h e  s t r u c -  
t u r e  of t h e  s e c t o r  d i f f e r s  g r e a t l y  from one coun t ry  t o  another .  
Norway and Sweden produce pulp  f o r  t h e  world market and t h e i r  
own consumption, t h e  USA produces roughly what i s  needed f o r  
i t s  paper  f a b r i c a t i o n ,  and t h e  o t h e r  c o u n t r i e s  r e l y  much more 
on imported pulp (Table 4 ) .  
Table 4 .  Share of imported wood pulp 2n t h e  apparen t  pulp  
consumption* ( % )  . 
Year USA FRA FRG ITA UK 
* 
This  r a t i o  i s  n e g l i g i b l e  f o r  Norway and Sweden. 
4)\he p r o d u c t i o n  of paper  and paperboard p e r  GNP ( i n  t o n s - p e r  
thousand US $ )  i n  t h e  year  1975 v a r i e s  from 12.8 t o  21.5 
f o r  b ig  European c o u n t r i e s .  
The a l t e r n a t i v e  t o  wood pulp a s  a  raw m a t e r i a l  i n  paper  
making i s  mainly t h e  recovery of waste paper ,  and Table 5 shows 
t h e  d i f f e r e n c e s  among c o u n t r i e s  i n  t h e s e  i n p u t s  by t h e  r e -  
s p e c t i v e  requirements  pe r  t o n  of paper  and board,  which i s  de- 
f i n e d  i n  a  s imple  way, i . e .  by d i v i d i n g  t h e  corresponding 
apparen t  consumption d a t a  by t h e  product ion of paper  and paper- 
board. 
Table 5.  Wood pulp and was te r  paper i n p u t s  p e r  t o n  of paper  
and paperboard.  
Year USA FRA FRG I T A  UK NOR SiJE 
Pulp 
Waste paper 
T o t a l  (pu lp  
and waste  paper)  
The d i f f e r e n c e s  i n  t h e  sum of bo th  i n p u t s  pe r  t o n  of f i n a l  
product  a r e  i n  t h e  range of 1 0 %  and t h e  low c o e f f i c i e n t  f o r  
I t a l y  i s  expla ined  by t h e  h ighe r  s h a r e  ( r e l a t i v e  t o  t h e  o t h e r  
c o u n t r i e s ,  where it i s  marginal)  of ( f i b e r )  pulp .  I n  most 
c o u n t r i e s  it r e p r e s e n t s  l e s s  than  1% of t o t a l  pu lp ,  except  f o r  
I t a l y ,  where it i s  approximately  8-12%, bu t  it i s  g e n e r a l l y  
dec reas ing .  
The s h a r e  of waste  paper depends on t h e  l e v e l  of produc- 
t i o n  of wood pulp--the most important  pulp  producers  have a  low 
sha re  of  waste paper--, and on t h e  a v a i l a b i l i t y  of waste  paper .  
European c o u n t r i e s  have a  h ighe r  recovery r a t e  than  t h e  USA. 
Waste paper  i s  n o t  e x a c t l y  e q u i v a l e n t  t o  wood pu lp ;  a p a r t  from 
a l l  t h e  problems of recovery ,  t h e r e  i s  a  d i f f e r e n c e  i n  q u a l i t y  
of t h e  f i b e r s  t h a t  can be recoverd i n  waste papers  ( t h e  f i b e r s  
a r e  g e n e r a l l y  s h o r t e r ) .  I n  g e n e r a l ,  paper produced from waste 
p roduc ts  i s  of lower q u a l i t y  than  t h a t  produced from v i r g i n  
pulp  - 
This  d i f f e r e n c e  i n  t h e  s t r u c t u r e  of paper  making (from 
wood pulp o r  from waste paper )  i s  p a r t i c u l a r l y  impor tan t  wi th  
regard  t o  t h e  energy consumption. A l l  e s t i m a t e s  agree  on t h e  
f a c t  t h a t  t h e  r epu lp ing  of waste paper i s  much l e s s  energy 
i n t e n s i v e  than  t h e  pulping from wood ( i . e .  3 t o  5 t imes  l e s s  
energy i n t e n s i v e )  . 
The s t r u c t u r e  of t h e  pulp  product ion i t s e l f  ha s  a  major 
i n f luence  on t h e  energy consumption of t h e  s e c t o r  due t o  a  
va r i ance  i n  t h e  energy requirements  of each type  of pulp .  
The Pulping Process  
Due t o  t h e  d i f f e r e n c e  i n  p roces ses ,  t h e  energy r equ i r e -  
ments a r e  determined by t h e  s t r u c t u r e  of pu lp  produc t ion ;  
t h i s  a p p l i e s  t o  energy requirements  i n  a b s o l u t e  terms a s  we l l  
a s  t o  t h e  sha re  of non-purchased energy.  To i l l u s t r a t e  t h i s  
p o i n t  a  s h o r t  overview of t h e  d i f f e r e n t  p roces ses  of pulp  
making i s  necessary .  
There are.  mainly two p roces ses  of pu lp  making, t h e  
chemical p roces s  and t h e  mechanical p roces s ,  and one i n t e r -  
mediary p roces s ,  named thermo-mechanical. 
The pu lp ing  process  s t a r t s  w2th t h e  debarking of wood 
logs ;  t h e  bark i s  g e n e r a l l y  used a s  a  f u e l ,  and t h e  l o g s  a r e  
mechanical ly  o r  chemical ly  t r e a t e d  t o  produce pulp.  The logs  
a r e  t hen  reduced t o  ch ips .  The pu lp ing  process  i s  t h e  break- 
down of wood i n t o  s e p a r a t e  f i b e r s ;  it r e q u i r e s  l a r g e  amounts 
of water .  
The mechanical  p r o c e s s .  Wood (mainly con i f e rous )  i s  
ground i n  a  b a t h  of wate r  w i th  r o t a t i n g  g r inds tone .  This  
p rocess  has  a  high y i e l d  (over 90% of t h e  wood u s e d ) .  The 
l i g n i n  i s  g e n e r a l l y  s t i l l  inc luded  i n  t h e  s o l u t i o n  produced. 
Most of t h e  energyrequirements  of t h e  p roces s  a r e  supp l i ed  by 
e l e c t r i c i t y .  
The chemical  process .  Wood c h i p s  a r e  t r e a t e d  i n  a  chemi- 
c a l  b a t h  con ta in ing  su lphur  compounds. The chemical o p e r a t i o n  
i s  c a r r i e d  o u t  a t  a  h igh  tempera ture ,  where t h e  l i g n i n  i s  r e -  
moved from t h e  f i b e r s ,  and on ly  50% of t h e  wood used is  a v a i l -  
a b l e  f o r  pulp .  The f i b e r s  a r e  waste p roduc ts ,  and t h e  so lu-  
t2on obtakned,  which c o n t a i n s  l i g n i n  and chemical a g e n t s ,  i s  
s e n t  t o  recovery.  
The semi-chemZcaZ process  is  an in t e rmed ia ry  process .  
Wood i s  f i r s t  t r e a t e d  wi th  chemical  agen t s ,  and then  mechani- 
c a l l y .  
The pu lp  produced according t o  t h e s e  p roces ses  d i f f e r s  
mainly i n  l igni 'n c o n t e n t  and t h e  l e n g t h  of t h e  f i b e r s  ( f i b e r s  
a r e  t o r n  i n  t h e  mechanical p roces s  and t h u s  t hey  a r e  s h o r t e r  
than  f i b e r s  ob ta ined  i n  t h e  chemical  p r o c e s s ) .  The more 
l i g n i n  t h e r e  Is i n  pu lp ,  t h e  lower i s  t h e  q u a l i t y  of paper .  
From t h e s e  c h a r a c t e r i s t i c s  it fo l lows  t h a t  t h e  main use 
f o r  mechankcal pu lp  i s  t h e  produc t ion  of newsprint ,  whereas 
high q u a l i t y  paper  i s  made o u t  of chemical pulp .  The l a t t e r  
term inc ludes  s u l p h i t e  pu lp ,  which can be bleached very  e a s i l y  
and i s  used f o r  a l l  t ypes  of purposes ,  and s u l p h a t e  pu lp ,  which 
i s  hard t o  b leach  bu t  very  r e s i s t a n t  and produces wrapping 
paper  and boards  ( K r a f t ) .  Pulps a r e  g e n e r a l l y  blended t o  pro- 
duce paperor  board wi th  t h e  r equ i r ed  q u a l i t i e s .  
The USA, Japan,  and France have a s t r u c t u r e  wi th  a domi- 
nant  sha re  of t h e  chemical  p rocesses  (Table 6 ) ,  which i s  
e s p e c i a l l y  t r u e  f o r  t h e  USA and Japan,  where t h e  mechanical 
p roces s  p l ays  a quasi-marginal  r o l e .  The FRG, I t a l y ,  and t h e  
United Kingdom, on t h e  o t h e r  hand, have a s t r u c t u r e  w i th  a 
dominant mechanical  p rocess .  
Table 6. Shares o f t h e  t h r e e  p roces ses  ( % ) ,  i n  1982. 
Chemical Semi-chemical Mechanical 
Country pu lp  pulp  pu lp  
USA 80 
Sweden 73 
France 66 
Norway 30 
FRG 28 
I t a l y  11 
The sha re  of t h e  pulp  which i s  bleached depends on t h e  
use  of t h e  pulp .  The b leach ing  o p e r a t i o n  removes more l i g n i n  
t o  t h e  pulpl improving t h e  phys i ca l  p r o p e r t i e s  of t h e  paper .  
The s h a r e s  of bleached pu lp  vary from count ry  t o  coun t ry ,  and 
i n  gene ra l  t h e y  correspond t o  t h e  f i g u r e s  of t h e  dependence 
of a count ry  on imports  of pulp  (Table 7 ) .  
Table 7. Share  of bleached pu lp  i n  t o t a l  pulp  ( % I .  
Year USA FRA F RG ITA UK NOR S m  
- - 
* 
1971 d a t a .  
A l l  t h e s e  d i f f e r e n t  o p e r a t i o n s  have d i f f e r e n t  energy re- 
quirements :  Chemical pu lp  appears  t o  be t h e  most energy- 
i n t e n s i v e  p roces s ,  b u t  it i s  o f t e n  cons idered  t o  be t h e  l e a s t  
energy- in tens ive  p roces s  ( [ 4 ] ,  [8] ) . This  i s  expla ined  by t h e  
f a c t  t h a t  t h i s  p roces s  g i v e s  back waste p roduc ts ,  which can he 
recovered a s  f u e l s .  I n  f a c t ,  a t  almost  every  s t a g e  of pu lp  
making, t h e r e  a r e  s o r e  waste p roduc ts  t h a t  can be used a s  
e n e m y .  The debark ing  of wood logs  g i v e s  wood r e s i d u e s  (ba rk ,  
sawdust,  e t c . )  t h a t  a r e  used a s  f u e l s  i n  most pu lp  m i l l s .  But 
t h e  main producer  of non-purchased energy i s  t h e  chemical  
pu lp ing  process .  The wood ch ips  a r e  hea ted  i n  a  d i g e s t e r ,  
e i t h e r  wi th  an a c i d  l i q u o r  ( s u l p h i t e  p roces s )  o r  wi th  an 
a l k a l i n e  l i q u o r  ( s u l p h a t e  p r o c e s s ) .  The l i q u o r  i n  t h e  d i g e s t e r  
c o n t a i n s  wood p roduc t s  a f t e r  t h e  pu lp ing  o p e r a t i o n ,  such a s  
l i g n i n ,  which i s  then  s epa ra t ed  from t h e  pu lp  (washing opera-  
t i o n ) ,  concen t r a t ed  by evapora t i on ,  and burned i n  a  recovery 
b o i l e r  t o  produce h igh  p r e s s u r e  steam. A l a r g e  p a r t  of t h e  
energy c o n t e n t  of  t h e  l i q u o r  may be l o s t  i n  t h e  convers ion t o  
steam, bu t  t h e  energy  produced i s  s t i l l  non-neg l ig ib le .  The 
high-pressure  steam is  g e n e r a l l y  de r ived  through a  t u r b i n e  t o  
cogenera te  low-pressure steam and e l e c t r i c i t y ;  t h e  low-pressure 
steam is  used i n  t h e  pu lp ing  o p e r a t i o n ,  and sometimes even i n  
an a s s o c i a t e d  pu lp  m i l l ,  i n  t h e  c a s e  of t h e  most modern p l a n t s  
(see [9]  , [I 31 ) . The chemicals  con ta ined  i n  t h e  l i q u o r  a r e  re- 
covered t o o ,  and r e d i r e c t e d  t o  t h e  pu lp ing  o p e r a t i o n .  
The same happens when t h e  pu lp  i s  bleached:  t h e  l i q u o r  
ob ta ined  i s  g e n e r a l l y  added t o  t h e  l i q u o r  from chemical  
pulping.  
The recovery  of  waste  p roduc t s  i s  more l i m i t e d  i n  t h e  
c a s e  of t h e  mechanical  p rocess .  There i s ,  of c o u r s e ,  no 
chemical  s o l u t i o n ,  and most of  t h e  l i g n i n  s t a y s  i n  t h e  f i b e r s .  
Most of t h e  energy requirements  a r e  electr ic  power, which must 
i n  most c a s e s  be  purchased.  
Thus, t h e  s t r u c t u r e  of t h e  s e c t o r  de te rmines  t h e  energy 
consumption, i . e .  c o u n t r i e s  w i t h  a  h igh  s h a r e  of t h e  chemical  
p roces s  and/or b leached pu lp  a r e  l i k e l y  t o  cover  t h e i r  energy 
needs w i t h  non-purchased energy.  Even i f  chemical  pu lp  and 
b leach ing  o p e r a t i o n s  a r e  v e r y  energy  i n t e n s i v e ,  t h i s  does n o t  
means t h a t  t h e  energy  consumption r e p o r t e d  i n  t h e  yearbooks 
(see, e . g . ,  [ l a ]  and [ I l l  ) must n e c e s s a r i l y  b e  h i g h e r ,  because 
t h e y  may n o t  have an impact  on purchased energy.  Th i s  s t r u c -  
t u r e  may a l s o  be  r e f l e c t e d  i n  t h e  energy-mix i f  comprehensive 
d a t a  a r e  a v a i l a b l e ,  a s  mechanical  pu lp  demands mos t ly  elec- 
t r i c i t y ,  and chemical  pu lp  demands hea t .  
The pu lp  making from was te  paper goes  f i r s t  th rough  a  
p r e p a r a t o r y  s t a g e ,  where t h e  remaining i n k  and g l u e  a r e  re- 
moved, and the f i b e r s  t h a t  form t h e  paper  a r e  d i s p e r s e d  aga in .  
The t r ea tmen t  of t h e  pu lp  t h u s  ob t a ined  i s  then  s i m i l a r  t o  
t h a t  of pu lp  ob t a ined  from wood. The p r e p a r a t o r y  o p e r a t i o n s  
r e q u i r e  o v e r a l l  much less energy t h a n  t h e  p r e p a r a t i o n  of  
f i b e r s  ob t a ined  d i r e c t l y  from wood. The t o t a l  energy r e q u i r e -  
ments depend on t h e  q u a l i t y  of  waste  pape r s ,  on how much i n k  
and g l u e  must B e  reoved,  on how d i f f i c u l t  t h i s  p roces s  i s ,  etc .  
OCED ( [ 1 3 ] )  g i v e s  an average e s t i m a t e  of 300 t o  400 kFJh p e r  t o n  
f o r  pu lp  produced from waste  paper  when 1  t o n  of wood pu lp  re- 
q u i r e s  1000 t o  2200 kwh. 
The Paper Making Process  
I t  i s  p o s s i b l e  t h a t  pulping and paper  making o p e r a t i o n s  
a r e  c a r r i e d  o u t  i n  t h e  same m i l l ,  e .g .  i n  t h e  ca se  of i n t e -  
g r a t e d  produc t ion  p l a n t s .  This  a l s o  e f f e c t s  t h e  l e v e l  of 
energy consumption. I n  ca se  of an i n t e g r a t e d  produc t ion ,  
p o s s i b l e  steam s u r p l u s e s  may be used i n  t h e  paper  making pro- 
c e s s ,  and an i n t e g r a t e d  m i l l  w i l l  an any c a s e  demand l e s s  
energy f o r  t h e  t o t a l  p roces s  (from pulp t o  paper)  than  t h e  
combination of a  pu lp  m i l l  and a  paper  m i l l .  I n  t h e  c a s e  of 
non- integrated p roces ses  t h e  pulp  has  t o  be d r i e d ,  t r a n s p o r t e d  
t o  t h e  paper m i l l ,  and rewatered t h e r e  f o r  f u r t h e r  t r ea tmen t .  
I f  t h e  o p e r a t i o n s  a r e  i n t e g r a t e d , t h e  s l u s h  pulp  is  immediately 
d i r e c t e d  t o  f u r t h e r  p rocess ing .  
Paper making c o n s i s t s  of a  series of mechanical and 
thermal  o p e r a t i o n s .  Tn one of t h e  in te rmediary  ope ra t ions  t h e  
pu lp  is  t r e a t e d  mechanical ly  s o  t h a t  t h e  f i b e r s  meet c e r t a i n  
requirements  (bea t ing  p roces s )  . According t o  [1 31 , t h i s  i s  
t h e  l a r g e s t  energy-consuming ope ra t ion .  
T I .  ENERGY CONSUMPTION 
The pulp and paper s e c t o r  is  an energy consumer, an  energy 
producer ,  and an energy s e l l e r .  The s tudy  of t h e  energy con- 
sumption of t h i s  s e c t o r  i s  based on d a t a  provided by OECD 
( [ 1 3 ) ]  and,  f o r  t h e  American s e c t o r ,  by t h e  American Paper 
I n s t i t u t e  ( [ 9 ]  ) . 
Purchased Energy 
These d a t a  a r e  t h e  b e s t  known d a t a  a s  f a r  a s  i n t e r n a t i o n a l  
o r  n a t i o n a l  s t a t i s t i c s  a r e  concerned. In t e rna tTona l  compari- 
sons can be  made on t h e  b a s i s  of  t h e  s e r i e s  from [I31 and 
[ I l l .  The d a t a  g iven  i'n Table 8  correspond i n  g e n e r a l  t o  t h e  
l e v e l  of p roduc t ion  of pulp  and paper by c o u n t r i e s  (see Tables  
2 and 3 ) ,  b u t  t h e  i n d u s t r y  h a s  i ts coun t ry - spec i f i c  c h a r a c t e r i s -  
t i c s  of  energy supply and t h u s  t h e  s h a r e s  of each energy c a r r i e r  
a r e  ve ry  d i f f e r e n t  from one t o  another  (Table 9 ) .  The a s se s s -  
ment of t o t a l  energy  consumption is  fur thermore rendered d i f f i -  
c u l t  by t h e  f a c t  t h a t  t h e  c h o k e  of t h e  convers ion c o e f f i c i e n t s  
i n f l u e n c e s  t h e  determination of t h e  aggrega te .  I f  t h e  conver- 
s i o n  c o e f f i c i e n t s  of OECD a r e  a p p l i e d ,  e l e c t r i c i t y  i s  accounted 
on t h e  based of 1 GWh = .086 t o e ,  whi le  t h e  a l t e r n a t i v e  con- 
ve r s ion  f a c t o r  is  . 2 2 2 .  This  c o n s i d e r a t i o n  Is impor tan t  when 
comparing c o u n t r i e s  w i t h  dominant h y d r o - e l e c t r i c i t y ,  such a s  
Norway, w l t h  o t h e r s .  
On t h e  b a s i s  of t h e  OECD c o e f f i c i e n t s  ( [ I  31 ) one may 
observe  a  r a t h e r  low e l e c t r i c i t y  i n p u t  i n  t h e  m a j o r i t y  of 
c o u n t r i e s ,  bu t  t h e  gene ra l  tendency was toward e l e c t r i c i t y  i n  
t h e  1970s. 
Table 8.  Energy consumption ( i n  m i l l i o n  t o e ) .  
Year USA FRA FRG UK NOR SWE 
Table 9. Purchased energy: s h a r e  of energy c a r r i e r s .  
Elec- 
Country Year t r i c i t y  O i l  Coal Gas Others  
USA 1 9 7 2  8.7 30 .0  20 .2  37 .8  3.3 
1 9 7 7  11.9 35.1 21.2 22.0 2.8 
1 9 8 1  1 4 . 7  1 9 . 6  24 .9  38 .7  2 .0  
FRA 1 9 7 0  1 1 . 2  61 .7  17 .6  9.6 0  
1 9 7 7  13.9 70 .6  2.7 12 .8  0  
1 9 8 1  15.2 6 0 . 1  2.6 22 .1  0  
FRG 1973  5 . 5  70 .0  10.3 14 .2  0  
1 9 7 7  7 . 1  60 .6  7.9 24.4 0  
1 9 8 1  11 .9  50.8 10 .1  27.2 0  
NOR 1 9 7 0  33.5 66 .5  0  0  0  
1 9 7 7  37.3 62 .7  0  0  0  
1 9 8 1  41 .7  58.3 0  0  0  
1 9 8 4  51 .0  49.0 0  0 0 
SWE 1 9 7 2  31.8 64 .3  0 .1  0  3.7 
1 9 7 7  37.8 56 .6  0.1 0  5.5 
1 9 8 1  41 - 9  49.6 0 . 5  0  8 . 0  
The sha re  of c o a l  dec l ined  everywhere except  i n  t h e  USA, 
and t h e  s h a r e  of gas  r o s e  tremendously i n  t h e  United Kingdom. 
S ince  paper  and paperboard a r e  t h e  f i n a l  p roduc ts ,  t h e  
energy c o e f f i c i e n t s  can be expressed a s  t h e  r a t i o  between t h e  
energy consumption and t o t a l  paper  and board produc t ion .  Th i s  
c o e f f i c i e n t ,  c a l c u l a t e d  on t h e  b a s i s  of purchased energy,  i s  
dec reas ing  i n  a l l  c o u n t r i e s  (Table 1 0 ) .  
Table 1 0 .  Energy c o e f f i c i e n t  I: purchased energy i n  paper  and 
paperboard product ion ( i n  t o e / t o n ) .  
Year USA FRA FRG UK NOR SWE 
I n  1975 t h e r e  w e r e  l a r g e  d i f f e r e n c e s  i n  t h e  l e v e l  of t h i s  
c o e f f i c i e n t ;  i n  1981 t h e  f i g u r e s  a r e  c l o s e r  t o  each  o t h e r .  
Every count ry  has  exper ienced a  dec rease  of t h e  c o e f f i c i e n t .  
Energy consumption f i g u r e s  a r e  no t  a v a i l a b l e  f o r  1975 f o r  t h e  
United Kingdom, b u t  between 1972 and 1981 i t s  c o e f f i c i e n t  
decreased by 37%, a s  a g a i n s t  31% f o r  Sweden and 29% f o r  t h e  
USA. 
Y e t  another  energy c o e f f i c i e n t  can be cons idered .  In- 
s t e a d  of us ing  on ly  t h e  f i n i s h e d  product  a s  a  denominator,  w e  
can t a k e  t h e  whole 'pulp  and pape r r  o p e r a t i o n  and d i v i d e  t h e  
energy consumption by t h e  added produc t ion  of pulp  and paper .  
This  r a i s e s  some homogeneity problems, bu t  s i n c e  it i s  a con- 
t i nuous  p roces s ,  and s i n c e  some c o u n t r i e s  produce pulp  i n  
o r d e r  t o  sel l  it  (Norway and Sweden), whereas some import pu lp  
t o  produce paper  (United Kingdom), one can cons ide r  t h e  in -  
d u s t r y  a s  a  whole w i th  tm d i f f e r e n t  bu t  aggregated p roduc t s ,  
pu lp  and paper .  
Table 1 1 .  Energy c o e f f i c i e n t  IT: purchased energy p e r  t o n  of 
pu lp ,  pape r ,  and paperboard.  
Year USA FRA FRG UK NOR SWF, 
Except f o r  Sweden, t h e  c o e f f i c i e n t s  a r e  aga in  dec reas ing .  
A s  f a r  a s  t h e  l e v e l s  of  c o e f f i c i e n t s  a r e  concerned,  t h o s e  of 
Sweden and Norway dec rease  s h a r p l y  when pulp i s  t aken  i n t o  
account ,  and t h e  two c o u n t r i e s  have now t h e  lowest  energy co- 
e f f i c i e n t s .  The Uni ted Kingdom appears  more i s o l a t e d ,  making 
ev iden t  t h e  s p e c i f 2 c  s t r u c t u r e  of its i n d u s t r y  (pu lp  produc- 
t i o n  i s  m a r g i n a l ) .  
Both of t h e  above c o e f f 2 c i e n t s  have obvious d e f i c i e n c i e s ,  
b u t  it seems t h a t  t h e  aggrega te  (pu lp ,  paper  and paperboard) 
i s  a  b e t t e r  denominator f o r  t h e  a n a l y s i s  t han  t h e  f i n a l  pro- 
duc t  a lone .  I n  Table 11 one does  no t  observe two groups of 
c o u n t r i e s  w i th  such d i f f e r e n t  energy c o e f f i c i e n t s  a s  g iven  i n  
Table 10 f o r  t h e  y e a r  1981, b u t  on ly  one excep t ion ,  i . e .  t h e  
United Kingdom. 
It i s  p o s s i b l e  t o  use  unequal weights  f o r  t h e  aggregated 
produc ts  because energy i n p u t s  a r e  d i f f e r e n t ,  bu t  before  doing 
s o  one must g e t  a  magnitude of d i f f e r e n c e s  i n  non-purchased 
energy use ,  because,  a s  was s a i d  b e f o r e ,  t h e  pulp  and paper 
s e c t o r  i s  a l s o  an energy producer.  Se l f -genera ted  energy w i l l  
be considered f i rs t .  
It is  n o t  p r e c i s e l y  i n d i c a t e d  what t h i s  s e l f -gene ra t ed  
e l e c t r i c i t y  e x a c t l y  r e f e r s  t o .  W e  have seen i n  t h e  f i r s t  p a r t  
t h a t  du r ing  t h e  produc t ion  process  both  steam and e l e c t r i c i t y  
could be genera ted  bo th  by purchased and non-purchased f u e l s ,  
and t h e r e  i s  a danger of double-counting energy i n p u t s  i f  
co-generated e l e c t r i c i t y  is  included i n  t h e  f i g u r e  of s e l f -  
genera ted  e l e c t r i c 2 t y .  On t h e  o t h e r  hand, i f  t h i s  s e l f -  
genera ted  e l e c t r i c i t y  r e f e r s  t o  hydropower5) ( a s  mentioned by 
A P I  ( [ 9 1 ) ) ,  o r  e l e c t r i c i t y  genera ted  by f u e l s  n o t  accounted f o r  
i n  t h e  energy ba l ances ,  it has  t o  be added t o  t h e  o t h e r  energy 
consumption f i g u r e s .  
The importance of s e l f -gene ra t ed  e l e c t r i c i t y  v a r i e s  
g r e a t l y  according t o  count ry ,  b u t  has  been g e n e r a l l y  dec reas ing .  
Table 12.  Rat io  of self-generated/purchased e l e c t r i c i t y .  
Year USA FRA FRG UK NOR SWE 
1 9 7 2  - fl. 8 2 *  2 .75 *  1 .36  0.03 0 .40 *  
1 9 7 7  0 .95  0.64 2 .18  1 .05  0 . 0 6  0 . 2 7  
1 9 8 1  0 . 7 0  0 .64  1.24 0.52 0  0.20. 
* 
1 9 7 3  d a t a .  
One w i l l  n o t i c e  t h e  c o r r e l a t i o n  between t h e  e l e c t r i c i t y  
f i g u r e s  i n  Tables  9  and 1 2 .  Count r ies  where purchased e l e c -  
t r i c i t y  p l ays  an important  r o l e  (Norway and Sweden) have a 
r e l a t i v e l y  low s h a r e  of  s e l f -gene ra t ed  e l e c t r i c i t y .  
Energy from Waste Produc ts  
Not a l l  c o u n t r i e s  p rov ide  fLgures on t h e i r  energy sou rces .  
For t h i s  reason we w i l l  only  d i s c u s s  here  t h e  USA, t h e  FRG, 
Sweden, and Norway (Table 1 3 )  . 
I n  t h e  OECD s tudy  ( [ 1  3 1 ) hydromechanlcal power i s  inc luded  
i n  non-purchased f u e l s .  Therefore  one can assume t h a t  t h e  
r e s t  of t h e  s e l f -gene ra t ed  e l e c t r i c i t y  i s  produced e i t h e r  
w i th  purchased o r  non-purchased f u e l s ,  and t h u s  needs n o t  be 
added t o  t h e  o t h e r  f u e l s  i n  o rde r  t o  g e t  t h e  t o t a l  energy 
consumption. 
Table 13. Consumption of non-purchased energy  ( i n  m i l l i o n  
t o e )  . 
Year USA FRG NOR SWE 
1973 21.62* 0.18 0.08 2.71 
1976 23.37 0 . 2 2  0.08 2.63 
1981 27.27 - 0.12 2.61 
* 
1972 d a t a .  
Adding up t h e s e  energy i n p u t s  w i t h  t h e  f i g u r e s  on pur- 
chased energy  (Table  3 )  w e  came t o  t h e  conc lus ion  t h a t  f o r  t h e  
USA and Sweden t h e  energy  i n p u t  e s t ima ted  on t h e  b a s i s  of 
purchased energy i s  underes t imated  by a f a c t o r  of 2 (Table  1 4 ) .  
Table  1 4 .  Share  of  non-purchased energy  i n  t o t a l  energy  con- 
sumption ( A )  . 
Year USA FRG NOR SFTE 
1973 44.55* 5.61 7.75 48.11 
1976 48.77 7.24 8.33 52.61 
1981 53.07 n .a .  15.91 48.38 
* 
1972 d a t a .  
For t h e  USA and Sweden t h e  r o l e  of waste  f u e l s  i s  funda- 
mental  and one can g e n e r a l l y  observe a growing s h a r e  of s e l f -  
gene ra t ed  energy.  I n s i d e  t h i s  ca t ego ry  t h e  most impor tan t  
energy c a r r i e r  i s  s p e n t  l i q u o r ,  i .e .  8 0 ~ 9 0 %  of t h e  non-purchased 
energy,  which i s  c o n s i s t e n t  w i t h  t h e  t e c h n o l o g i c a l  charac-  
t e r i s t i c s  reviewed i n  t h e  f i r s t  s e c t i o n .  Hydro-mechanical 
power p l a y s  a q u a s i - n e g l i g i b l e  r o l e ,  excep t  f o r  t h e  FRG ( 7 % ) ,  
and wood r e s i d u e s  a r e  above 10% i n  c o u n t r i e s  w i t h  l a r g e  f o r e s t s  
(USA, Norway, Sweden). 
The two c o u n t r i e s  where non-purchased energy i s  ve ry  i m -  
p o r t a n t  ( t h e  USA and Sweden) e v i d e n t l y  have a dominant s h a r e  of  
t h e  chemical  p roces s  (73% of  woodpulp i n  Sweden, 80% i n  t h e  USA 
(see Table  6 ) ) .  On t h e  o t h e r  hand, t h e  two o t h e r  c o u n t r i e s  i n  
t h e  sample (Norway and t h e  FRG) r e l y  more h e a v i l y  on t h e  
mechanical  p roces s  (58% of  woodpulp i n  Norway and Germany), 
which g i v e s  fewer oppor tun i t2e s  f o r  energy  recovery.  
The l e v e l s  of t h e  energy  c o e f f i c i e n t s  c a l c u l a t e d  on t h e  
b a s i s  of  t h e s e  d a t a  (Table 15) f o r  t h e  USA and Sweden a r e  c l o s e  
t o  each o t h e r ,  and s o  a r e  t h e i r  p roduc t ion  s t r u c t u r e s  ( sha re  of 
each  p roces s ,  importance of waste  paper ,  s h a r e  of b leached 
p u l p , e t c . ) ,  and t h e i r  t r e n d s  a r e  a l s o  s i m i l a r .  Energy i n p u t s  
i n  Norway and t h e  FRG a r e  a t  a  s e n s i b l y  lower l e v e l .  Some 
elements i n  t h e  s t r u c t u r e  of t h e  s e c t o r  e x p l a i n  t h i s  f a c t :  
both c o u n t r i e s  have a  dominant sha re  of mechanical pu lp ,  and 
a  sma l l e r  p a r t  of t h e  pulp  i s  bleached compared t o  t h e  two 
o t h e r  c o u n t r i e s  (Table 7) ; t h e  low c o e f f i c i e n t s  of t h e  FRG may 
a l s o  be expla ined  by t h e  more important  s h a r e  of waste paper ,  
which is  48% i n  t h e  FRG and only 5% i n  Norway (Table 5 ) .  
Table 15. Energy c o e f f i c i e n t  111: purchased and non-purchased 
energy consumption i n  paper and paperboard produc- 
t i o n  ( i n  t oe / ton )  . 
Year USA FRG NOR SVE 
1982 - 
* 
n.a.  - no t  a v a i l a b l e .  
An a n a l y s i s  of t h e  a l t e r n a t i v e  energy c o e f f i c i e n t ,  where 
t h e  denominator i n c l u d e s  bo th  pu lp  and paper p roduc t ion  
(Table 16) shows t h a t  i n  gene ra l  t h e  l e v e l s  of  energy i n p u t s  
a r e  c l o s e r  between c o u n t r i e s ,  and a  moderate dec rease  becomes 
ev iden t .  
Table 16. Energy c o e f f i c i e n t  IV: energy consumption p e r  t o n  
of pu lp ,  paper ,  and paperboard produc t ion  ( i n  t o e / t o n ) .  
Year U SA FRG NOR S m  
* 
n.a.  - no t  a v a i l a b l e .  
The FRG and Sweden a r e  c l o s e  t o  each o t h e r ,  b u t  t h e  y e a r s  
cons idered  a r e  d i f f e r e n t  f o r  each  count ry ;  t h e  USA has  t h e  
h i g h e s t  l e v e l  of c o e f f i c i e n t s ,  and Norway t h e  lowest .  The gap 
between t h e s e  l a s t  two c o u n t r i e s  i s  i n  t h e  o r d e r  of 70%, which 
i s  p a r t l y  expla ined  by t h e  ' energy- in tens ive '  s t r u c t u r e  of t h e  
USA (energy- in tens ive  produc ts  and p r o c e s s e s ) ,  b u t  t h i s  is only  
p a r t  of t h e  e x p l a n a t i o n ,  s i n c e  Sweden has  a  somewhat s i m i l a r  
s t r u c t u r e  t o  t h e  US produc t ion  and a  lower energy c o e f f i c i e n t .  
The gap may a l s o  be expla ined  by t h e  l e v e l  of mo?.ernity, and 
one can t h u s  assume t h e  'energy e f f i c i e n c y '  of t h e  USA t o  be 
lower t han  t h a t  of Norway and Sweden. One must a l s o  bear  i n  
mind t h a t  t h e  p a r t i c u l a r  c o e f f i c i e n t  chosen h e r e  aqgrega tes  
both pulp  and paper  p roduc t ion  wi th  equa l  weigh ts ,  and t h u s  
g i v e s  an 'advantage '  t o  c o u n t r i e s  t h a t  produce pu lp  wi thout  
f u r t h e r  p roces s ing ,  i.e. r e l a t i v e  t o  t h e  o t h e r  c o e f f i c i e n t  
(energy/paper) .  One may f i n a l l y  i nc lude  i n  t h e  a n a l y s i s  of 
'energy c o e f f i c i e n t  I V '  d a t a  f o r  t h e  United Kingdom (Table 1 4 ) .  
I f ,  fo l lowing  [ 7 ] ,  we cons ide r  t h e  non-purchased energy of 
t h i s  count ry  n e g l i g i b l e ,  t h e  'energy c o e f f c i e n t  11' f o r  t h e  
United Kingdom can be compared t o  t h e  ' energy  c o e f f i c i e n t  I V '  
f o r  o t h e r  c o u n t r i e s  (Table 1 6 ) ,  and one a l s o  n o t i c e s  t h a t  f o r  
t h e  l a s t  y e a r s  t h e  United Kingdom has  a  c o e f f i c i e n t  comparable 
t o  t h a t  of Sweden and t h e  USA. A s  mentioned i n  [ 1 3 ] ,  t h e  
United Kindgom has  c l o s e d  important  c a p a c i t i e s  a f t e r  1978-79 
i n  p l a n t s  where t h e  energy e f f i c i e n c y  was t h e  lowes t ,  and it 
seems t h a t  a f t e r  t h e s e  c l o s u r e s  t h e  energy c o e f f i c i e n t s  of t h e  
United Kingdom have n o t  been a s  h igh  a s  t hey  w e r e  be fo re .  
111. THE ENERGY COEFFICIENTS 
The energy c o e f f i c i e n t s  analyzed above r e p r e s e n t  aggre- 
ga ted  l e v e l s  of energy consumption of t h e  pu lp  and paper s e c t o r .  
A t  t h i s  l e v e l  of t h e  a n a l y s i s ,  t h e i r  c ross -count ry  comparison 
exp res se s  t h e  main d i f f e r e n c e s  i n  t h e  s t r u c t u r e  of t h e  s e c t o r ,  
and i n  p a r t i c u l a r  one d i f f e r e n c e ,  which was t h e  consequence of 
t h e  d e f i n i t i o n  of t h e  c o e f f i c i e n t  i t s e l f :  t h e  more pu lp  a  
country  produces ,  t h e  l a r g e r  i s  t h e  energy c o e f f i c i e n t  l i k e l y  
t o  be. 
On t h e  b a s i s  of t h e  e x i s t i n g  l i t e r a t u r e  it i s  p o s s i b l e  
t o  go f u r t h e r  i n t o  d e t a i l  and t r y  t o  f i n d  o u t  what t h e  energy 
c o e f f i c i e n t s  a r e  f o r  d i f f e r e n t  p roduc ts  and processes .  The 
sources  a r e ,  on t h e  one hand, American p u b l i c a t i o n s  such a s  
[ 1 2 ] ,  o r  e s t i m a t e s  f o r  t h e  Swedish pulp  and paper  i n d u s t r y  
g iven  i n  [ I  41 . It i s  p o s s i b l e  t o  g e t  e s t i m a t e s  of t h e  
average energy consumption f i g u r e s ,  b u t  a  r econs t ruc tu ion  of 
t h e  t o t a l  energy consumption of t h e  s e c t o r  r a i s e s  two problems: 
-- t h e s e  e s t i m a t e s  a r e  v a l i d  f o r  a  s p e c i f i c  y e a r ,  and t h e  
energy requirements  f o r  each product  and technology 
a r e  l i k e l y  t o  change over  t ime;6)  
6 ) ~ e e  1131, [ 1 2 ] ,  and [51. 
-- t h e  cosen  p r o d u c t s  and t e c h n o l o g i e s  f o r  which energy  
consumption e s t i m a t e s  e x i s t  may n o t  be c o n s i s t e n t  w i t h  
t h e  a g g r e g a t e d  d a t a  g i v e n  i n  s o u r c e s  such  a s  [ 3 ] .  An 
i m p o r t a n t  d i f f e r e n c e  i s  made between i n t e g r a t e d  and 
n o n - i n t e g r a t e d  m i l l s ;  t h i s  d i f f e r e n c e  i s  n o t  v i s i b l e  
i n  t h e  p r o d u c t i o n  d a t a  g i v e n  i n  [ 3 ]  . 
Apar t  from t h e s e  problems,  t h e  d e t e r m i n a t i o n  of  an  energy  
c o e f f i c i e n t  meets w i t h  t h e  u s u a l  d i f f i c u l t i e s  i n  e v e r y  s e c t o r :  
r e a l  e n g i n e e r i n g  d a t a  would d i s t i n g u i s h  consumption f i g u r e s  
a c c o r d i n g  t o  e a c h  t y p e  of  e n e r g y ,  each  t echno logy  used ,  and 
e a c h  a c c u r a t e  s t a g e  o f  t h e  p r o d u c t i o n  p r o c e s s ,  whereas a  
f i g u r e  g i v e n  i n  t o e  p e r  t o n  mixes d i f f e r e n t  q u a n t i t i e s  sup- 
p l i e d  by d i f f e r e n t  e n e r g y  c a r r i e r s  (problems of  t h e  c o n v e r s i o n  
c o e f f i c i e n t s ) ,  and d i f f e r e n t  t y p e s  o f  p a p e r  o r  p u l p  produced 
under  d i f f e r e n t  c o n d i t i o n s .  
I n  t h e  f o l l o w i n g  a n  a t t e m p t  was made t o  r e c o n s t r u c t  t h e  
a g g r e g a t e d  e n e r g y  consumption f i g u r e s  of  t h e  p u l p  and p a p e r  
s e c t o r ,  s t a r t i n g  from a 'product-mixt  p o i n t  o f  view. I t  must 
be mentioned t h a t  i m p o r t a n t  a s p e c t s  a r e  l e f t  a s i d e ,  such  a s  
t h e  s h a r e  of  i n t e g r a t e d  m i l l s  i n  t o t a l  p r o d u c t i o n  and t h e i r  
e f f e c t s  i n  lower ing  e n e r g y  demand, t h e  l e v e l  of  m a t u r i t y  of  
p l a n t s f a n d  t h e  problem o f  p l a n t  c l o s u r e s  ( t h e  c l o s u r e  o f  p l a n t s  
w a s  an i m p o r t a n t  f a c t o r  o f  d e c r e a s e  o f  t h e  energy  consumption 
i n  t h e  Uni ted  Kingdom a f t e r  1979) , etc.  
On t h e  b a s i s  of  t h e  d a t a  g i v e n  i n  [I21 w e  have  chosen 
lower and upper  l i m i t s  of  energy  c o e f f i c i e n t s  f o r  e a c h  pro-  
d u c t ,  g i v i n g  a r e a s o n a b l y  r e l i a b l e  r a n g e  f o r  e a c h  e n e r g y  re- 
quirement .  It is p o s s i b l e  t h a t  f o r  a  s p e c i f i c  c o u n t r y  and a 
s p e c i f i c  p r o d u c t  an e n e r g y  c o e f f z c i e n t  l i e s  o u t s i d e  t h e  adop ted  
l i m i t s ,  b u t  it 2 s  v e r y  u n l i k e l y  t h a t ,  t a k e n  a s  a set ,  t h e  
e n e r g y  c o e f f i c i e n t s  chosen a r e  u n r e a l i s t i c .  
Tab le  17. Lower and upper  l i m i t s  o f  t h e  energy  c o e f f i c i e n t s  
( i n  t o e / t o n )  . 
Produc t  Lower l i m i t  Upper l i m i t  
P u l p  
Bleaching of  p u l p  
Semi-chemical p u l p  
Chemical p u l p  
Mechanical  p u l p  
Waste p a p e r  p u l p  
Paper  
Newsprint  .26 .31 
P r i n t i n g  paper  .31 .40 
Household, t i s s u e s  .32 .42 
Wrapping paper  .31 .38 
Other  p a p e r  and board  .27 .31 
Each set of coefficients gives a reconstructed figure 
for the sector's energy consumption. The energy consumption 
obtained with the lower limits of each energy coefficient will 
be called reconstruction (I), and the energy consumption corre- 
sponding to the upper limits of these coefficients will be 
called reconstruction (2) . 
Comparisons between reconstructed figures and actual 
figures of energy consumption can be made for five countries. 
For the USA, Sweden, Norway, and the FRG, the energy consump- 
tions for both purchased and non-purchased energy are given 
in [13]. For the United Kingdom one may assume that the share 
of non-purchased energy is negligible, as is stated in [7], 
which is not surprising in view of the particular structure of 
the sector. Therefore the purchased energy consumption may be 
taken for the total energy consumption. 
The energy consumption figures, reconstructed and actual, 
are given in Table 18. 
The lower limits of the coefficients have been adopted 
for Sweden, Norway, and the FRG, the upper limits fit better 
for the United Kingdom and the USA. 
The estimates for the FRG are not too far from the actual 
figures, but comparisons can only be made for earlier years 
(1973-76) than for the other countries. The estimated con- 
sumption figures for Sweden are quite good compared to the 
actual figures; they are close to the real consumption figures 
and reflect the ups and downs of the years 1977/1979/1980, 
which emphasizes the Fproduct-mix' effect on energy consumption. 
The figures obtained for Norway are not satisfactory with re- 
gard to the value of the reconstructed energy consumption; 
despite having used the lower limits of the coefficients, the 
reconstructed energy consumption is still 20% above the actual 
consumption. However, the tendency,of the two sets of energy 
consumption figures is the same: a decrease from 1976 to 1979 
and stagnation until 1982, which reveals that the relative 
values of the energy coefficients are correct, but their ab- 
solute value for Norway seems to be 20% too high. The recon- 
structed energy consumpti'on figures for the USA are very close 
to the actual figures for the years 1979, 1980, and 1981, but 
the difference between the two sets of energy consumption 
figures is around 10% for 1975 and 1977. Exactly the same 
applies also to the Uni'ted Kingdom, 
On the whole, the estimation of energy consumption figures 
wi'th fixed energy coeffic2ents gives satisfactory results, 
both on the level of the energy consumption (with the exception 
of Norway) and its evolution over a few years. It is, however, 
not possible to say that all important 'structure' effects 
have been duely considered. Furthermore, the comparisons are 
made over a few years, and it shows that the energy consumption 
is generally above the reconstructed figures at the beginning, 
and below them at the end, which means that there is a 
T a b l e  18.  R e c o n s t r u c t e d  and  a c t u a l  e n e r g y  consumpt ion  f i g u r e s  ( i n  m i l l i o n  t o e ) .  
USA FRG UK NOR SWE 
Recon- Recon- Recon- Recon- Recon- 
s t r u c -  s t r u c -  s t r u c -  s t r u c -  s t r u c -  
Year  t i o n  A c t u a l  t i o n  A c t u a l  t i o n  A c t u a l  t i o n  A c t u a l  t i o n  A c t u a l  
* 
n . a .  - n o t  a v a i l a b l e .  
' d e c r e a s e  of  t h e  e n e r g y  c o e f f i c i e n t s '  i ndependen t  of  t h e  
'product-mix '  changes .  A few i n d i c a t i o n s  o f  what t h e  o t h e r  
e x p l a n a t i o n s  of t h e  energy  consumption may be  a r e  g i v e n  by 
t h e  B r i t i s h  c a s e :  A t  t h e  end of  t h e  1970s and t h e  s t a r t  of 
t h e  1980s t h e r e  have been e s s e n t i a l  p l a n t  c l o s u r e s  (see [ 1 3 ] ) ,  
whose r e s u l t  was t o  i n c r e a s e  t h e  energy  e f f i c i e n c y  of  t h e  
s e c t o r .  Indeed ,  a  comparison o f  t h e  r e c o n s t r u c t e d  and a c t u a l  
ene rgy  consumption f i g u r e s  f o r  t h e  Uni ted  Kingdom f o r  t h e  
y e a r s  around 1970 would n o t  be i n t e r e s t i n g ,  t h e  energy  e f f i -  
c i e n c y  of  t h e  s e c t o r  be ing  a t  t h e  t i m e  w e l l  below o t h e r  
c o u n t r i e s '  s t a n d a r d s .  
W e  may e x t e n d  t h e  e x e r c i s e  t o  a  c o u n t r y  where t h e  a c t u a l  
ene rgy  consumption i s  n o t  a v a i l a b l e ,  a s ,  e . g . ,  t o  F r a n c e ,  i n  
o r d e r  t o  e s t i m a t e  t h e  non-purchased energy  consumption.  W e  
t h e n  a p p l y  t h e  lower l i m i t s  o f  t h e  e n e r g y  c o e f f i c i e n t s  t o  
F rance ;  t h e  r e s u l t s  a r e  g iven  i n  T a b l e  19. 
Tab le  19. E s t i m a t i o n  of non-purchased e n e r g y  f o r  F rance .  
Parameter  1978 1979 1980 1981 
Recons t ruc ted  consumption 
A c t u a l  purchased  energy  
consumption 
E s t i m a t i o n  of t h e  s h a r e  of  
non-purchased energy  i n  
r e c o n s t r u c t e d  consumption 21% 22% 2 2 %  28% 
The lower l i m i t s  w e r e  p r e f e r r e d  t o  t h e  upper l i m i t s ,  con- 
s i d e r i n g  t h a t  European c o u n t r i e s  ( excep t  f o r  t h e  s p e c i a l  c a s e  
o f  t h e  Uni ted  Kingdom) seem t o  have  a  b e t t e r  ene rgy  e f f i c i e n c y  
t h a n  t h e  Uni ted  S t a t e s .  W e  t h e n  come t o  an  e s t i m a t e d  s h a r e  o f  
non-purchased e n e r g y  approx imate ly  e q u a l  t o  20%, which i s  
i n t e r m e d i a r y  between t h e  FRG and c o u n t r i e s  l i k e  Sweden, and 
seems c o n s i s t e n t  w i t h  t h e  s t r u c t u r e  of  t h e  French p u l p  and 
paper  i n d u s t r y .  
CONCLUSION 
Comparisons o f  e n e r g y  consumption f i g u r e s  c a l c u l a t e d  w i t h  
o u r  e s t i m a t e d  c o e f f i c i e n t s  and a c t u a l  e n e r g y  consumption f i g u r e s  
do n o t  l e a d  t o  major  i n c o n s i s t e n c i e s  and t h u s  may b e  c o n s i d e r e d  
a c c e p t a b l e  e s t i m a t i o n s  of  t h e  e n e r g y  c o e f f i c i e n t s .  It is 
p o s s i b l e ,  w i t h  t h e s e  e s t i m a t e d  c o e f f i c i e n t s ,  t o  make obv ious  
t h e  e f f e c t s  o f  change i n  t h e  p r o d u c t  mix, a s  w e l l  a s  changes  
i n  t h e  p u l p i n g  p r o c e s s  i n  t o t a l  consumption.  Some f a c t o r s  a r e  
l e f t  a s i d e ,  e s p e c i a l l y  the s h a r e  of  i n t e g r a t e d  m i l l s ,  which i s  
a n  i n d i c a t o r  o f  t h e  level of  e n e r g y  e f f i c i e n c y  o f  t h e  s e c t o r .  
T h i s  f a c t o r  c e r t a i n l y  e x p l a i n s  a l a r g e  p a r t  o f  t h e  r a n g e  be-  
t w e e n  t h e  u p p e r  a n d  t h e  l o w e r  l i m i t s  o f  t h e  e n e r g y  c o e f f i c i e n t s ,  
a n d  e v e n  t h e  l o w  level  o f  t h e  e n e r g y  c o e f f i c i e n t s  f o r  Norway. 
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